We present the results of an experimental as well as theoretical study of nonlinear magneto-optical resonances in diatomic potassium molecules in the electronic ground state with large values of the angular momentum quantum number J ∼100. At zero magnetic field, the absorption transitions are suppressed because of population trapping in the ground state due to Zeeman coherences between magnetic sublevels of this state along with depopulation pumping. The destruction of such coherences in an external magnetic field was used to study the resonances in this work. K2 molecules were formed in a glass cell filled with potassium metal at a temperature above 150 o C. The cell was placed in an oven and was located in a homogeneous magnetic field B, which was scanned from zero to 0.7 T. Q-type and R-type transitions were excited with a tunable, single-mode diode laser with central wavelength of 660 nm. Well pronounced nonlinear Hanle effect signals were observed in the intensities of the linearly polarized components of the laser-induced fluorescence (LIF) detected in the direction parallel to the B-field with polarization vectors parallel (Ipar) and perpendicular (Iper) to the polarization vector of the exciting laser radiation, which was orthogonal to B. The intensities of the LIF components were detected for different experimental parameters, such as laser power density and vapor temperature, in order to compare them with numerical simulations that were based on the optical Bloch equations for the density matrix. We report good agreement of our measurements with numerical simulations. Narrow, subnatural line width dark resonances in Iper(B) were detected and explained.
I. INTRODUCTION
Magneto-optical effects in atom-laser interactions are due to the excitation of a coherent superposition of the atomic or molecular energy levels with the laser radiation. Light synchronizes the phases of the wave functions of these coherently excited atomic levels. If these states happen to be degenerate Zeeman magnetic sublevels M J of the angular momentum state with angular momentum quantum number J, then the application of an external magnetic field B can split the Zeeman M J sublevels, removing the degeneracy, and, as a result, destroying the Zeeman coherences of the magnetic sublevels, or, in other words, destroying the phase synchronization of the respective wave functions. These changes of atomic properties due to the destruction of coherences lead to magneto-optical resonances. The first observation of such a magneto-optical resonance in the excited state of Hg atoms was made in 1924 by Wilhelm Hanle [1] , and now is known as the Hanle effect. Accordingly, one speaks of observing resonances in the Hanle configuration when the magneto-optical resonances appear in a fluorescence signal detected along the magnetic field direction as a function of the applied magnetic field B at linearly polarized excitation with the polarization E vector perpendicular to B.
If the intensity of light is strong enough, atomic coherences can be created not only in the excited state of * iliafes@gmail.com an atom, but also in the ground state through nonlinear absorption by applying the optical pumping technique pioneered by Alfred Kastler. These studies led to the Nobel Prize in physics in 1966 being awarded to Alfred Kastler "for the discovery and development of optical methods for studying Hertzian resonances in atoms" [2] . If these effects are studied in the Hanle configuration, then often these are classified as ground-state Hanle effect. The ground-state Hanle effect in atoms was first observed in [3] (see [4] for a review).
Magneto-optical effects turned out to be such a rich phenomenon, that nowadays they are still actively studied (see, for example, the review papers [5, 6] ). These studies have generated many interesting applications for opto-electronics [7] , medicine [8] and precise measurement techniques. For example, one of the most sensitive methods of magnetometry is based on exploiting nonlinear magneto-optical effects in an atomic vapor [9] .
Magneto-optical effects have very many manifestations, such as dark and bright resonances [10] [11] [12] [13] . These resonances occur when laser radiation at zero magnetic field modifies the absorption coefficient of the gas through which it is propagating. The resonance is called dark if the absorption coefficient decreases as a result of the interaction with the laser radiation, and bright if the absorption coefficient increases. The laser-induced modification of the absorption coefficient can be eliminated by applying a magnetic field. The other manifestations are coherent population trapping [14] , electromagnetically induced transparency [15] and electromagnetically induced absorption [16] . The phenomenon of the slow light is closely related to these effects as well [17] .
The majority of studies of magneto-optical effects in gases are carried out in atomic media. Although the underlying reason for the appearance of magnetooptical resonances in molecules is the same as in atomsZeeman coherence of magnetic sublevels of a certain angular momentum state-small molecules, such as diatomic molecules, offer a new perspective on these effects. Molecular states in diatomic molecules typically have properties that differ significantly from the properties atomic states.
Angular momentum states with J ∼100 behave almost classically, which means that angular momentum projection on the quantization axis changes almost continuously. For example, for J = 100 there are 2J + 1 = 201 allowed projection values. In contrast to the atomic states with small angular momentum quantum numbers J, in molecules angular momentum sometimes can be described even as a classical angular momentum with a well defined orientation in space that changes continuously, see for example [18] . An exciting perspective can by gained by studying molecular states with small, intermediate and large angular momentum quantum numbers and following how the quantum treatment gradually starts to coincide with the classical one.
Another practical reason why the study of molecular states is of particular interest is that they have relatively small magnetic moments, typically 10 −4 to 10 −5 times smaller then in atoms. This allows magnetometry methods based on magneto-optical phenomenon in atoms and applicable to extremely weak magnetic fields, to be used for lager fields. In particular to the magnetic fields of the order of Earth magnetic field.
Another feature that is particular to molecules is that they have negligibly small hyperfine splitting of the ground as well the excited states, unlike alkali atoms which are often used to study magneto-optical effects. This can simplify the analysis of the interaction between laser radiation and the molecules, because we do not need to consider interaction of radiation with several, partially overlapping hyperfine transitions simultaneously.
In order for bright resonances to form, it is necessary that a system -atom or molecule -cycles several times between the excited state and the initial state [14, 19, 20] . However, light absorption in diatomic molecules is usually described in terms of absorption in an open system: the molecule rarely returns to its initial rovibronic state after excitation by a photon, because spontaneous transitions from the excited state are allowed to a very large number of rovibronic levels in the ground state. Nevertheless there still is a small probability for the molecule to return to the initial state. Therefore, one of the tasks for this study is to determine, using theoretical and experimental means, if sufficient cycles between excited and initial state can take place in diatomic molecules for bright resonances to be observable.
To our knowledge, the first mention of an increase in the intensity of the laser-induced fluorescence (LIF) of diatomic molecules when a magnetic field (B ≥ 1 T) was v"=3, J"=107 1 1 exc. exc. In the latter case, P -type transitions were used for observations. applied was reported in [21] and [22] for the I 2 molecule. An increase in the LIF intensity of up to 30% was observed under strong Ar + or Kr + laser excitation of about 1-10 W/cm 2 at different orientations of the E-vector of linearly polarized light. The authors did not attribute the result to the ground-state Hanle effect, because it was observed also at E parallel to B. The first direct experimental studies of the ground-state Hanle signal were reported in [23] for the diatomic molecules K 2 and Na 2 in their X 1 Σ + g electronic ground states with large angular momenta J = 73 and 99, respectively. Changes of the degree of LIF polarization with increasing B perpendicular to E have been observed in conditions of nonlinear Q-type excitation (J − J = 0) with a fixed frequency multimode laser that accidentally excited a particular B 1 Π (v , J ) rovibronic level in these systems. Under such conditions, the so-called, ground-state "optical pumping", first observed in [24] for Na 2 , leads to a diminished degree of LIF polarization at B = 0. In particular, in [23] for the K 2 molecule, LIF was excited by the 632.8 nm line of a multimode He-Ne laser with a power density of about 1 W/cm 2 ; the nonlinear groundstate Hanle effect manifested itself as an increase in the degree of LIF polarization of about 5% as the magnetic field B was increased up to 0.8 T. At larger B values LIF polarization diminished because of the excited B 1 Π state Hanle effect.
The nonlinear Hanle signals in diatomic molecules observed in [23] (see also [18] for a review), were analyzed using the classical treatment developed for the asymptotic limit J → ∞, by Ducloy [25] in terms of the balance equations for the classical probability density, accounting for the precession of classical angular momentum J in the magnetic field. The connection of such an approach to Zeeman coherences has been discussed in [18] .
To explain these results, a model was developed applying an expansion of the density matrix via polarization (multipole) moments (see [18] for a review), which made it possible to interpret the additional narrow structure observed in the vicinity of B =0 of a nonlinear Hanle sig-nal [23] as a manifestation, via a fourth-rank moment, of the sixth-rank polarization moment of the ground state J 1 [18] . A comparison of the quantum mechanical and classical treatments of the nonlinear Hanle signals based on the balance equations is given in [18, 26] .
The motivation of the present study is to revisit the nonlinear ground state Hanle effect of a diatomic molecule with J ∼ 100 and to study in detail the peculiarities observed in earlier works [18, 23] . We intended to achieve a well controlled excitation by using the narrow line of a single-mode, scanned, diode laser and to examine the nonlinear magneto-optical resonances under various excitation power densities and relaxation conditions, as well as to apply the detailed theoretical treatment proposed in [19, 27, 28] . Such a treatment already has been applied successfully to atoms; it included averaging over the Doppler profile and allowed reproducing magneto-optical signals with experimental accuracy at different laser frequency detuning (see, for instance, [29] and references therein).
II. EXPERIMENT
K 2 molecules were formed in an 8 cm long custommade glass cell with a side-arm, which contained natural mixture of potassium isotopes. The cell had a diameter of 16 mm and the windows on both ends were flat and parallel. The cell was partly blackened from the outside to reduce reflections. It was connected by a dry valve to a vacuum system in order to pump away impurities that diffused from the walls of the cell. The cell was placed in an oven that was located between the poles of an electromagnet, which were separated by a 5 cm gap. The oven was made from non-magnetic materials and contained two separately powered heating elements. The temperature of the side-arm varied between 150
• C and 185
• C. The temperature in the cell was maintained 30
• C higher to avoid metal deposition on the walls of the cell.
The Q-type and R-type Fig. 1 ) in the K 2 molecule were excited at frequencies of 15111.270 cm −1 and 15111.940 cm −1 , respectively, with a tunable, single-mode, external-cavity, cw diode laser with a Mitsubishi ML101J27 laser diode whose central wavelength was 660 nm. Its temperature and current were stabilized by Thorlabs controllers. The laser beam passed through a Glan-Thompson prism to ensure a high degree of linear polarization. The spectral width of the laser line was assumed to be below 10 MHz. The diameter of the laser beam was defined as the full width at half maximum (FWHM) of the laser beam intensity distribution, and the laser power density was defined as the total laser power divided by the cross-sectional area of the laser beam, as calculated with this beam diameter. The LIF from a 1.5 cm long region of the cell was collected by a two-lens system and imaged onto the input slit of a DFS-12 double monochromator with an inverse dispersion of 0.5 nm/mm. The monochromator had selected LIF transitions 15023.476 cm −1 in case of the Q-excitation and 15001.650 cm −1 in case of the R-excitation. In order to suppress a nearby line from another level that was simultaneously excited within Doppler width, it was necessary to detune the laser frequency from the resonance by +200 MHz for Qexcitation and by +170 MHz for R-excitation. The LIF intensities were detected by a Hamamatsu photomultiplier module via an Electron Tubes CT2 time counter. The electromagnet, powered by two Agilent N5770A DC power supplies connected in parallel, was used to produce a homogeneous magnetic field B up to 0.7 T. The magnetic field was calibrated by a digital teslameter with an accuracy of 5 · 10 −4 T. Two switchable sheet polarizers were inserted in front of the slit to measure the LIF intensity that was polarized either parallel (I par ) or orthogonal (I per ) to the exciting laser polarization vector E in the Hanle configuration. The experimental geometry is shown in Fig. 2 , which depicts the relative orientation of the laser beam, the polarization vector of the laser light E exc , the magnetic field B, and the observation direction. To observe the fluorescence in the direction along the magnetic field, a mirror was attached to one of the poles of the electromagnet.
The fluorescence was recorded while the magnetic field was scanned, in discrete steps, from 0 to 0.7 Tesla in one direction. At each step, the signal was collected during 2 seconds. Thus, a typical scan lasted 40 seconds, in-cluding the time necessary for the establishment of the constant magnetic field. Usually, from 40 to 80 scans were performed and averaged. The dependences of the LIF intensities (I par and I per ) on the magnetic field were detected separately and then normalized to the I par value at B = 0. The degree of polarization was calculated as P = (I par − I per )/(I par + I per ), accounting for different losses in the detection system for each component of the LIF polarization.
III. THEORETICAL MODEL
A theoretical model had been developed previously in order to describe bright and dark resonances of atomic alkali metals in vapor cells [29, 30] , and a detailed description of this theoretical model can be found in these references. We give a brief summary of the model here for convenience and emphasize the changes made in order to treat diatomic molecules. The model describes the internal molecular dynamics by a density matrix ρ, which also depends parametrically on the classical coordinates of the molecular center of mass. The time evolution of the density matrix ρ follows the optical Bloch equations (OBEs) [31] :
The HamiltonianĤ is assumed to be in the formĤ = H 0 +Ĥ B +V . Here,Ĥ 0 describes the unperturbed molecular energy structure,Ĥ B describes the molecule's interaction with the static magnetic field, andV = −d · E (t) is the dipole interaction operator that describes the interaction between the molecule and the exciting radiation. The relaxation operatorR includes the spontaneous emission rate, which equals the spontaneous decay rate of the excited state Γ, and the combined transit and collision relaxation rate γ, which can be estimated from the exciting laser's beam diameter, the temperature and density of the gas in the cell, as well as the effective crosssection of the collisions; more details on this evaluation are given in the next section. The exciting radiation is described classically as an oscillating electrical field with a stochastically fluctuating phase, which results in a Lorentzian frequency distribution with full width at half maximum (FWHM) ∆ω. The central frequency changes as the classically moving molecules experience the Doppler shift. Next, the rotating wave approximation [32] is employed to obtain a system of stochastic differential equations from (1) . Only the equations describing the time evolution of the optical coherences contain the stochastic phase variables. Accounting for the fact that the experimentally observed light intensity is averaged over time intervals that are large compared to the characteristic time of the phase fluctuations, the optical coherences are adiabatically eliminated from the system of differential equations. The equations corresponding to the optical coherences are integrated [31] , while the stochastic phase variable is decorrelated and formally averaged [33] , and the obtained results are substituted in equations corresponding to the Zeeman coherences [29] . The method yields rate equations for the Zeeman coherences that are valid for either spectrally broad exciting radiation (∆ω Γ) or stationary excitation conditions:
and
In these equations ρ gigj and ρ eiej are the density matrix elements for the ground and excited states, respectively. Quantities Ξ giej and Ξ * eigj describe the coupling between the ground and excited states induced by the laser field; they depend on the Rabi frequency (Ω R ), which is discussed in the next section, as well as on the spontaneous decay rate of the excited state (Γ), the exciting laser's linewidth (∆ω) and the actual frequency detuning between particular transition of two magnetic sublevels and the excitation frequency:
The complex part in the denominator of (4) includes the laser detuning from the exact optical transition frequency (ω), the Doppler shift (kωv), and the Zeeman effect (ω giej ). The dipole transition matrix elements d eigj 1 between the ground state i and the excited state j can be calculated according to angular momentum theory in general and the Wigner-Eckart theorem in particular [20] . The energy splittings between the magnetic sublevels of either the ground or the excited state are denoted by ω ij ; within the scope of the present research the shifts are assumed to be caused by the linear Zeeman effect. We assume our transition to be open (i.e., not all of the molecules from the excited state decay to the initial ground state), and the recurrence is described by the coefficient α; Γ eiej gigj describes the coherence transfer via spontaneous transitions from the excited to the ground state. Re-population of the ground state due to non-optical processes, such as unpolarized molecules in which coherence of magnetic sublevels has not been created flying into the interaction region or molecules loosing their coherence due to collisions, occurs with rate λ [δ g i , g j is a Kronecker delta function]. We assumed that the molecular equilibrium density outside the interaction region is normalized to unity, and so λ = γ.
The experiments are assumed to take place under stationary excitation conditions, so ∂ρ gigj /∂t = ∂ρ eiej /∂t = 0. Thus, one can reduce the differential equations (2) + (3) to a system of linear algebraic equations, which, when solved, yields the density matrices for the molecular ground and excited states. The linear algebraic system can be solved analytically for small rotational angular momentum J values, but the complexity of the problem increases rapidly when the angular momentum is increased: the number of equations in the linear system is proportional to (2J + 1)
2 . Thus, for the J values discussed in the present study, the system (2) + (3) can be solved only numerically for particular excitation conditions as the number of equations in the system is on the order of 10 5 . If the linear algebraic system is written in matrix form Ax = b one needs to diagonalize the matrix of coefficients A in order to solve the linear system. The fact that most of the elements in the matrix of coefficients are equal to zero is employed to optimize the process of diagonalization and thus the use of computational resources. A set of routines (UMFPACK) based on the Unsymmetric MultiFrontal method [34] is used to perform decomposition of the sparse matrix of the linear system into a product of a lower and an upper triangular matrix (LU factorization).
Once the density matrices are known, one obtains the observed fluorescence intensity as follows:
whereĨ 0 is a constant of proportionality. Two orthogonal polarization components (see Fig. 2 ) are calculated.
To describe the influence of the Doppler effect, the fluorescence is summed over the different atomic velocity groups. For the averaging over the frequency, the step size is chosen to be smaller than the natural linewidth of the transition. Figure 3 illustrates the calculated LIF signals of one of polarization components obtained in this way using parameters which were typical for the experiment performed. The following parameters were used for the K 2 molecule: the spontaneous decay time Γ −1 = 12 · 10 −9 s [23] for the B 1 Π u state, the Landé factor of the excited state g J = 1/J (J + 1) [35] ; the Landé factor of the ground state g J = (1.01 ± 0.04) · 10 −5 [18] . It can be seen that the present theoretical model predicts well pronounced dark resonances in the K 2 molecule. The analysis demonstrated that the bright resonances should not been observed for such an open system. 
IV. RESULTS AND DISCUSSION
The measured dependences on the magnetic field of the LIF intensities and the degree of polarization for the Q-type excitation are presented in Figs. 4-6 for different combinations of potassium vapor densities and laser power densities. This set of data is complemented by an example of the R-type excitation presented in Fig. 7 . The figures show stacked plots of the intensities I par (B) and I per (B) and of the degree of polarization P (B). The intensities are given in relative units, and the value of I par at B = 0 is normalized to unity. The scattered dots represent the experimental data, while the solid lines represent calculations based on Eqs.(2) -(5).
The laser power density and the number density of the potassium atoms N K are given in each figure. The number density N K2 of the K 2 molecules is by about two orders of magnitudes less than N K . The density of the potassium atoms and molecules is calculated from the temperature of the metal vapor according to [36] . The values of the Rabi frequency Ω R and of the ground-state relaxation rate γ can be roughly estimated from experimental parameters. The Rabi frequency is proportional to the excitation probability of the transition and the laser field amplitude E [20] :
A simple way to estimate the coefficient of proportionality in (6) is by calculating the saturation laser power density I sat at which the Rabi frequency becomes equal to the rate of spontaneous emission (assuming that γ Γ) as is shown in [37] .
The ground-state relaxation rate γ can be described by a sum of the collision-induced relaxation rate γ col and the transit relaxation rate γ tran , which is caused by molecules escaping laser beam region and "fresh" molecules flying into it:
where d L is the laser beam diameter, v is the mean thermal velocity and σ col is the K 2 (X 1 Σ + g )+K inelastic collision cross section. Figure 4 shows the LIF signal for Q-type excitation with the temperature in the side-arm of the cell held as low as reasonably possible in order to reduce the collisioninduced relaxation. The manifestation of the nonlinear ground-state Hanle effect, or dark resonance, is readily visible with a contrast of about 0.18 in I par (B) as predicted by calculations (solid line) at γ = 0.03 MHz which agrees well with its estimate by (7) (see also Figure 3) . The I per dependence on B is more complicated. It shows a dark resonance that is noticeably narrower than in I par (B) with a smooth decline at B > 0.1 T. Such I par (B) and I per (B) dependences yield the polarization degree P (B) as shown in the lowest graph in Fig. 4 . Note that the degree of polarization P at B = 0 is about 0.37, which is markedly smaller than the limit at weak excitation, close to 1/2 [18] . A peculiarity in the form of a peak at P (0) can be distinguished (see inset). Such additional structure in P (B) was discovered in [23] (see [18] for a review). The narrow dark resonance in I per (B) was not revealed in [23] since only the resonances in P (B) were studied.
In order to test how the detuning could affect the signal, we calculated numerically the LIF dependence on magnetic field for an excitation without any detuning from the resonance frequency. The results are shown in Fig. 4 by dotted lines. As can be seen, such detuning does not significantly affect the shapes of the magneto-optical resonances. Figure 5 shows the resonance signals at Q-type excitation at the same laser power density as in Fig. 4 but at higher temperature in the side-arm. Compared to the sit- uation in Fig. 4 , the contrast of the resonance in I par (B) is smaller and the degree of polarization at B = 0 increases up to P (0) = 0.42. It can be seen that the resonance becomes broader, which is caused by the increase of γ due to the growth of γ col with N K (see expression (7)). When increasing the temperature from 150
• C to 180
• C, the value of N K increases by about 5 times (see Figures 4, 5) , and the collisional process becomes dominant since γ increases from 0.03 to 0.08 MHz, which significantly exceeds the transit relaxation rate. The change in the shape of the dark resonance is most pronounced in the I per (B) signal.
We also studied how the resonance shape varies as a function of laser power density. Figure 6 shows the LIF intensities and degree of polarization for Q-type excitation at much lower laser power density that was about 360 times weaker than in Figs. 4-5. Under these conditions the contrast of the resonance in I par (B), I per (B) and P (B) was markedly diminished, and the degree of polarization at B = 0 approached its maximum value at weak excitation close to 1/2. Figure 7 shows the LIF intensities and degree of polarization for R-type excitation. The structure in the curves was similar to the structure observed for Q-type excitation, which indicates that the same mechanism was mainly responsible for the structure in both types of excitation.
The results presented above show that our theoretical model describes reasonably well a wide range of experimental data using only two fitting parameters: Ω R and γ. It could therefore be expected that the best fit by our model can provide estimates of relaxation and moleculelight interaction parameters that correspond to the real experimental conditions. As the shapes of magnetooptical resonances are very sensitive to these parameters, the model can be used as a tool for estimating numerically the relaxation constant γ and the Rabi frequency Ω R . However, when we increased the laser power density by a factor of 360, we expected to obtain a Rabi frequency Ω R that was larger by a factor of 19, see (6) . Instead, the best fit corresponded to an increase in the Rabi frequency of only a factor of 3. The reason for this discrepancy could be that for very high laser powers, the effective power density is smaller than expected because of the influence of the wings of the laser beam profile, which has a roughly Gaussian distribution. The saturation intensity [20, 37] calculated for these transitions was approximately 0.003 W/cm 2 . The actual laser power density used in the experiment was between 0.003 and 1.1 W/cm 2 . At high laser power densities the transition is already saturated in the most of the area that is defined as the laser beam cross section. However, the wings of the laser beam profile are not saturated and their contribution becomes larger relative to the saturated center. Therefore, the signal is being generated by a large region whose actual laser power density is much lower than the defined total laser power density of the beam. This interpretation is supported by Fig. 8, which shows that the LIF signal continues to increase almost linearly even though at such laser power density at the central part of the beam the transition is already fully saturated. A theoretical model accounting for a realistic Gaussianshaped laser beam profile is computationally too intense to be applied to the molecular system discussed in this paper. Therefore, we have chosen a simpler approach that employs an effective Rabi frequency.
It is worth discussing in more detail the unexpected narrowing of the nonlinear ground state magnetic resonances in the B -dependences of the orthogonally polarized LIF intensity I per when compared to the corresponding dependences of the parallel polarized LIF component I par . Such an effect is theoretically predicted, under certain conditions, by simulations using the present model and was experimentally confirmed (see Figs. 4 and 5) . Indeed, the half width B 1/2 of the growing part (dark resonance) of the I per (B) was about B 1/2 ∼ 0.05 T in Fig. 4 , which was much smaller than the respective half width in the I par (B) of about 0.2 T. Interestingly enough, if the growing part of the narrow dark resonances in I per (B) in Fig. 4 and Fig. 5 is approximated roughly by a Lorentz-type dependence, when the respective Larmor frequency ω gigj (B 1/2 ) = ω L of the precession of the ground-state magnetic moments is connected with the ground-state relaxation rate as γ = |g i − g j |ω L , then the respective coherence between Zeeman sublevels of J is close to |g i − g j | = 4. This corresponds to magnetic-field-induced relaxation of the polarization moments ρ κ q , which are the coefficients of expansion of the density matrix ρ gigj (2) over the irreducible tensor operators (called polarization operators) with rank κ = 4 (see, for instance, [18, 20] and references therein). Such a polarization moment is called a hexadecapole moment, and its manifestation in LIF is, as a rule, masked by a second-rank κ = 2 quadrupole polarization moment, or alignment. The latter should produce roughly a two times broader B -dependence, with B 1/2 corresponding to γ = 2ω L . For essentially non-linear conditions, as in Fig. 4 and Fig. 5 , the B -dependence of the LIF is expected to be power broadened, and such broadening should be much more pronounced in the I par (B) determined by the second-rank polarization moment (alignment) than for the I per (B) predominantly determined by the fourth rank κ = 4 (or higher ranks κ > 4, see [18] ). This suggests an explanation for the differences between the half widths of I par (B) and I per (B) presented in Fig. 4 and Fig. 5 .
V. CONCLUSION
Nonlinear magneto-optical resonances (or nonlinear Hanle signals) have been studied for systems with large angular momentum (J ∼100) in K 2 molecules. The dependence on temperature and laser power density was observed and described by a theoretical model that is based on the optical Bloch equations. The model included averaging over the Doppler profile, the splitting of the magnetic sublevels in an external magnetic field, and the coherence properties of the radiation field. Dark resonances have been theoretically predicted and experimentally detected in the LIF intensities I(B) under linearly polarized excitation.
The theoretical simulation predicts that for the particular molecular R-absorption transition J = 105 → J = 106 the fraction of molecules that returns to the initial J = 105 after spontaneous emission is too small to form a bright resonance. This prediction was confirmed experimentally in this study.
The observed and calculated Hanle resonance in the component of the LIF intensity I per (B) that was polarized orthogonally to E was markedly narrower than would have been expected from the relaxation rate γ. This allowed us to explain the narrow maximum previ-ously observed in the degree of LIF polarization in earlier works [18, 23] .
It was demonstrated that it is possible to describe nonlinear magneto-optical resonances in systems with large angular momenta over a wide range of experimental conditions with the theoretical model developed in [30] . As a result, theoretical modeling can serve as a tool for future investigations of systems with large angular momenta and for the development of practical applications based on them.
